I. Introduction
One of the main techniques for laser materials processing is pulsed laser deposition (PLD) of thin films. The advantages of PLD compared to other techniques include, novel epitaxial and low temperature growth of homogeneous and heterogeneous films by utilizing energetic species, stoichiometric ablation of constituent species of the target, and growth of metastable phases layer-by-layer under nonequilibrium ablation conditions. While experimentalists are trying to find optimal conditions for thin film growth by PLD, a systematic effort in modeling of various physical processes during deposition is needed. For computational modeling of the complicated processes such as occur during PLD, one faces the challenge not only to better understand the fundamentals of the processes, but also to utilize the most appropriate computational techniques in the modeling. Modeling of vapor breakdown due to the interactions between vapor and incoming laser beam during ablation is such a challenge. Understanding this phenomenon is extremely important in assessing the final state of the plume after the pulse and subsequent plume expansion and transport toward the substrate. There have been no pervious attempts made to model vapor breakdown under irradiation of nanosecond laser pulses, although some work was done for microsecond laser pulses [3] . In this paper, we present preliminary results from theoretical modeling of vapor breakdown leading to plasma generation (fully ionized gas) through the interactions between the evaporated gas (plume) and the incoming laser beam during ablation, in an effort to fill the gap and to pursue systematic theoretical study on all the physical processes of laser ablation.
Theory for Vapor Breakdown

Physical model for vapor breakdown
A reasonable physical model can be set up for the early period of the ablation. During the initial ablation, generated vapor experiences a slow 1-D expansion and the expanding velocity can be taken as a constant (Vo). The vapor can be assumed to be homogeneous during this early stage of the ablation. In the vapor, ions, electrons, excited states of neutrals, and ground states of neutrals all exist. Evaporation continues to supply these particles ((Ne)o, (No)o, (N*),) into the vapor during ablation and thus contributes to the total energy in the vapor. At the mean time, electrons in the vapor absorb energies from photons in the laser beam and exchange the energies with heavy-body particles through elastic collisions, therefore two temperatures, i.e., electron temperature (Te) and heavy-body particle temperature (Th), are necessary. Some neutrals can be ionized via excited states either by electron-impact or photoionization. A schematic of this physical model is shown in Fig.1 along with a KrF laser pulse used in our model. 
Mechanisms of laser energy absorption
Two absorption mechanisms of laser energy are considered in our model. One is the inverse bremsstrahlung absorption through electron-atom and electron-ion interactions. The absorption coefficients for electron-atom IB, %-a, and electron-ion IB, %-i, are given by [4] where Ne and No are electron and neutral densities, T , and Th (in K) are the electron and heavy-body temperatures, Ge-a and Ge-i are the Gaunt factors for electron-atom IB and electron-ion IB, and v is the frequency of laser pulse. Another absorption mechanism considered is photoionization of an excited state. The cross section CJ is given by [ 13 where Eion (in eV) is the ionization energy of the excited state, hv is the photon energy of laser pulse, and IH (in eV) is the hydrogen ionization potential. The total energy absorbed (Iab) by the two mechanisms from laser energy (I), is then
Kinetic theory for breakdown
There are two necessary conditions for vapor breakdown, Le., one is "priming" electrons and another is electron density acceleration mechanism. One can consider the electron density as an indicator of the ionization level in the plume since it is directly proportional to the ion density in the plume. In our case, the electron density is equal to the ion density since only singly charged particles of Si are considered. There are many sources for "priming" electrons, such as local thermal ionization described by Saha equation, thermionic emission from the target surface and from heated liquid droplets in the plume, shock heating and ionization, surface defects which are thermally uncoupled with the bulk, avalanche and photoionization within the solid target near the surface, etc. Once the "priming" electrons exist, its acceleration mechanism leading to breakdown becomes important. We consider following forward and reverse processes for electron density acceleration and deceleration, corresponding rates are also given [ 13:
(1) Electron-impact excitation of ground state neutrals
Si + e + E e x = S i * + e
Forward rate from ground to excited states, Kg-e:
Backward rate from excited to ground states, K.+ where Eex is the energy required for ground state neutrals to be excited. A schematic of all the kinetic processes considered in the model is shown in Fig.2 .
According to Zel'dovich and Raizer [ 11, we consider heating of heavy-body particles by hot electrons through elastic collisions. The rate of change in electron temperature, Ze, is 
IV. Results and discussion
We used a 1-D thermal model (LASER8) to calculate the time for a solid to be evaporated under laser irradiation (Tvap) and the kinetic model described here for the time for vapor to be fully ionized ( 2~) .
Then, the total breakdown time, zn, is given by: ZTB = Zvap + ZW. A KrF laser pulse of FWHM=40.0 ns is used for both models (as seen in Fig.1b) . The total breakdown times at two laser energy fI uences are calculated. 
